Quantitative assessment of myocardial blood flow (MBF) by contrast echocardiography (CE) has the potential to become a routine procedure with continued methodologic enhancements.
Introduction
MBF reserve can be measured using CE and relates to the coronary stenosis severity [I].
The acceptance into the clinical practice of the ultrasonic MBF evaluation is conditioned by the introduction of an effective and reliable method for the objective quantification of myocardial perfusion.
A method based on continuous infusion of contrast agent during intermittent triggered imaging has been proposed to overcome the limitations encountered with other methods 12.31.
The technique is based on the destructiowreperfusion principle, i.e., given (i) a constant microbubbles blood concentration and (ii) that the microbubbles disrupt when exposed to an acoustic field, the velocity of microbubbles video intensity reappearance in the myocardial region of interest of the echo images (obtained at increasing time from destruction) is related to the blood velocity and can be estimated by fitting time course data with the exponential function y= A(1-e ' ).
A is an estimate of the vascular volume, p is related to the perfusion velocity and the product @ is related to the myocardial flow.
Echo images at increasing interval from destruction may be obtained with 2 techniques. The first is the intermittent triggered pulsing interval procedure that uses constant high power destructive ultrasonic beams. The second is the real-time approach that makes use of the recently introduced "pulsing inversion" technique that allow selective ultrasonic power levels for destructive 1.2iO.4 I 1.1 (high power) or imaging (low power) frames 14-61,
In our echo laboratory we implemented this method in order to quantify myocardial blood flow parameters from contrast ultrasonic studies using the real-time imaging (RTI) approach. This study is devoted to assess the variability of the myocardial reserve (MR) obtained from repeated ultrasonic acquisitions.
Methods

Patients
21 Subjects with and without documented coronary artery disease scheduled for standard eehocardiographic examination with medium to good ultrasonic image quality where eligible for the study. Patients gave written, informed consent to be included in the study.
Ultrasonic contrast medium (SonoVueQ Bracco) was administered by constant intravenous pump infusion (1-1.5 mumin). A separate pump infusion set was used to induce hyperaemia with adenosine at 140 pgkglmin [71.
Contrast echocardiography
(Phillips Cop.) was used for RTI (TCE3 with angio). to destroy microbubbles. Imaging was performed using either 2 or 4 chamber view; transducer position was held constant throughout the study .
In each echo examination the a 3 basal studies were started 2 minutes after contrat infusion beginning in order to allow constant microhubbles blood concentration. The 2-3 hyperaemic studies were started after 1.5 min of adenosine infusion. One study was made before contrast infusion for background correction.
At the end of the examination all studies were transferred to a PC for off line processing The analysis was performed using a custom made software package and started drawing a region of interest (ROI) on well defined areas of the myocardium. Multiple ROI were drawn on each study (mean 3fl.l).
Each ROI was registered respect to myocardial wall boundaries along all study frames (1.50-160 Fr's) in order to compensate for wall displacements. The ROI's mean video intensity of the frames following the last destructive impulse were interpolated with the exponential function y= ~( 1 e ' ); A, p an were recorded.
ECG signal was digitized and RR was computed in real-time, thus allowing the automatic drive of the impulse train start so hat the last destructive impulse occurred just on the R wave.
Since myocardial contrast intensity has a cardiac cycle dependent variation, a random impulse train start would lead to changes in the outline of the video intensity curve.
In this case, the RR phase in which the impulse train occurred would shape the curve.
Consistent end diastolic triggering abolished this source of error in our studies. Myocardial reserve was computed as the ratio between the hyperaemic value over the basal value for both f i and Ap parameters.
Results
In order to have a measure of the magnitude of the myocardial reserve differences encountered in the clinical settings we divided our study population in patients with (group 1) and without (group 2) coronary artery disease (CAD). Table 1 reports the meanisd reserve values and the difference between the 2 groups. Figure 1 shows the linear regression analysis between the repeated acquisition measure of the parameters of primary clinical interest, namely the myocardial reserve of both p and Ap parameters. 
4.
Discussion and conclusion
The knowledge of the reproducibility of a quantitative parameter is mandatory for its use in the clinical settings. Moreover, since the quantification of myocardial blood flow by contrast ultrasonic procedures is an emerging
technique not yet fully standardized and is performed with algorithms and software packages developed "in loco" by each laboratory, computation of its own reproducibility is strongly recommended to each laboratory. Measures of inter-and intra-observer variability should be added to the inter-study variability.
We used the inter-study variability of ultrasonic contrast parameters (as measured by the standard deviation of the inter-study dfference or, equivalently, by the residual error of the linear regression analysis) to assess the reproducibility of the myocardial reserve as assessed by contrast echocardiography.
The inter-study variations reported in In case a greater accuracy is required or if the method has to be applied in a setting in which smaller differences are expected, r e p t e d measure can help to achieve the required variability reduction, e.g. the variability will be reduced by a factor of 1.7 with a plicate measurement.
